The study assessed the linkages that exit among research agencies in transfer of technology for continuous agricultural production in South East Nigeria. Four research questions and hypotheses guided the study. The study adopted ex-post-facto research design. The population for the study was 2,276 comprised of 112 agricultural extension agents, 393 officers of research institutes and 1,771 registered contact farmers. The sample for the study was 486 made up of 112 extension agents, 197 officers and 177 farmers. A sixty seven (67) structured questionnaire items developed from related literature reviewed and face validated by three experts was used for data collection. The reliability of the questionnaire items was determined using Cronbach Alpha method and a co-efficient of 0.80 was obtained. Three research assistants helped to distribute and retrieve the copies of the questionnaire which were analyzed using mean, t-test and Analysis of Variance (ANOVA) statistical tools. The findings of the study revealed 12 mechanisms adopted by each agency for agricultural technology transfer. 09 delivery channels; 36 constraints and 13 strategies for effective technology transfer. It was therefore recommended that the agencies should formulate and pursue the same objective; government to formulate policies for uniform implementation of technology transfer, establish and equip research institutes with infrastructural facilities, provide adequate training and retrain extension agents and farmers to enhance technology transfer linkages using the identified strategies.
INTRODUCTION
Agriculture occupies a strategic position in the economic development of any country. Agricultural development is driven by the dynamics of demand and supply of farm knowledge among research institutes, extension agents *Corresponding author. E-mail: florence.ifeanyieze@unn.edu.ng.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License and farmers (Dimelu and Emodi, 2012) . To achieve a high standard of agricultural development a nation is expected to have strong research and extension system for advancement in agricultural technology with continuous upward shifts in the production and distribution of agricultural produce. Okey and Joel (2014) noted that advancement in agricultural technology has resulted in continuous upward shifts in the production, distribution and consumption of agricultural produce worldwide. Such increase in technology transfer bridges the gap between countries because of differences in environments. The challenge is how to improve agricultural production and rural income without irreparably damaging the natural resources on which production rests through technology transfer. One of the most urgent challenges in the next several decades is feeding the growing world population without irreparably damaging the air, land or water systems (Paul, 2017) . The major instrument to success of feeding the hungry mouth is effective and efficient technology transfer.
Technology transfer refers to deliberate, goal-oriented relationship between two or more persons, groups or organizations who exchange technological knowledge (Autio and Laamanen, 1995) . Technology transfer refers to movement of ideas, inventions and prototypes within companies, from research producers to a wide group of users including government departments and non-profit agencies, such as industries and universities (Harman and Harman, 2004) . Technology transfer requires research stations to disseminate information through extension agents and others to ensure that target audience receive the innovation through media and other means. Stock and Tatikonda (2000) described technology transfer as the act of conveying and utilizing technological innovation by the recipient to achieve set objectives, within cost and time targets. Technology transfer is, therefore, the movement of relevant specialized knowledge or innovations from research institutes to farmers for adoption with the help of extension agents and providing feedback to researchers in order to achieve the intended objectives
The objective of any technology process as indicated by Wang (2003) is the successful adoption of innovation or research findings by a significant majority of clients. Technology transfer is a critical process in transforming agricultural research innovations into applications for end users. Technology transfer helps to improve economic growth, transform lives and boost outputs. The rate at which technology transfer is accepted for adoption depends on the effectiveness of the linkages.
Linkage implies the communication and working relationship established between two or more organizations pursuing common objectives in order to improve productivity. Linkage as a term indicates connection between systems so as to form a greater system (Havelock, 2006) . The author further stated that if the barriers between two systems are permeable enough for messages and responses to flow out of each to the other, then, a link is created. It therefore, means that research institutes and extension services are two systems connected by information flow and feedback (Agbamu, 2000) . The poor coordination and linkage mechanisms in innovation and adoption have become a recurrent problem (Madukwe, 2008) . So, effective interaction of agricultural research scientist, extension agents and farmers as key components of agricultural technology transfer must have a strong linkage to increase production and the standard of living.
Innovations are derived through careful experiments conducted by researchers domiciled in research institutes departments and, faculties of agriculture across the country. Government established these agencies and institutions to generate and circulate innovations needed for increased production (Joans, 2013) In South East Nigeria, the researchers observed that over 70% of the population are farmers but the teaming population are hungry. This is because beaurocratically the innovations are not timely delivered to the target audience. Furthermore, the expected linkages among the commissions, research institutes and extension agents are either weak or not in existence. Agricultural research system is characterized by a top-down, centralized, linear, and isolated structure with weak linkages and often non-existent (Dimelu and Emodi, 2012) . Majority of agricultural innovations in the study area arise from publicly sponsored research centers or universities, which typically are unprepared to engage in formal mechanisms of technology transfer. Generally, studies have shown poor technology transfer linkages and collaborative attitudes among agencies involved in agricultural and rural development (Uzuegbulam, 2001) . Despite the availability of highly productive and remunerative technology, a wide gap exist between what researchers have achieved in their experimental farms, research institutes and education and the average yield obtained in farmer's field. Many factors responsible are ineffective system of linkages and transfer of improved farm practices, farmers' inadequate knowledge and meager support from government for innovations in the agricultural sector (Uzuegbulam, 2001) .
It therefore means that weak linkages in technology transfer to the farmers result in distortions and gaps in derivable advantages; leading to unsustainable agricultural development. This study assessed linkages in technology transfer for sustainable agricultural development in South East Nigeria. Specifically, the study sought to:
1. Identified mechanisms in transfer of technology for sustainable agricultural development. 2. Examined the delivery channels within the service agencies in technology transfer linkages for sustainable agricultural development. 3. Identified constraints to effective linkages in technology transfer for sustainable agricultural development. 4. Determined strategies for enhancing technology transfer linkages by relevant agencies for sustainable agricultural development.
METHODOLOGY
The study adopted ex-post-facto research design. Ex-post factor research design is a non-experimental research technique that compares pre-existing groups on some dependent variables (Lammers and Badia, 2005) . The design was considered appropriate for this study as the different research agencies were compared on their roles in technology transfer linkages for sustainable agricultural development in South East Nigeria. South East Nigeria has five states which are Abia, Anambra, Ebonyi, Enugu and Imo States.
The population for this study was 2,276 made up of 112 agricultural extension agents, 393 officers of research institutes and 1,771 registered farmers. The sample for the study was 486 made up of 112 extension agents, 197 officers and 177 farmers. The entire population of extension agents was studied because of the manageable size while proportionate random sampling technique was used to pick 50% of the officers and 10% of farmers based on their experience. The justification for the use of the entire population, 50 and 10% was based on the suggestion by Gall et al. (2007) that for a population of 2000 to 5000 a minimum of 10% may be used while 50% may be used in respect of hundreds.
The instrument for data collection was a 67 item structured questionnaire developed from the literature reviewed for the study. The instrument was made up of four sections (A-D). Each of the sections addressed a specific research questions with each questionnaire item assigned a four point response options of strongly agree, agree, disagree and strongly disagree with values of 4, 3, 2 and 1 respectively. The questionnaire items were face validated by three experts; two from National Root Research Institute Umudike-Abia State and one from University of Nigeria Nsukka, To determine the internal consistency of the items, 12 copies of the questionnaire were sent to four each of officers, extension agent and farmers in Kogi state (a near-by state with same characteristics as the study area). The copies were retrieved and analyzed using Cronbach alpha method and an overall coefficient of 0.80 was obtained. The researchers with the help of three assistants selected based on their familiarity with the study area collected the data from the three groups of respondents. Out of 486 copies of the questionnaire distributed 484 were retrieved and analyzed (112 from extension, 197 from officers and 175 from farmers). Mean was used to answer the research questions, standard deviation for checking the spread of the respondent from the mean while t-test and Analysis of Variance (ANOVA) statistics were used to test the null hypotheses at the probability of 0.05. In taking decision on the agreed item, any item with a mean value of 2.50 or above was regarded as agreed while any item with a mean value below 2.50 was regarded as disagreed. With reference to the hypotheses tested; any item with a value greater than 0.05 was accepted but not upheld if otherwise.
RESULTS
The results of the study were presented in Tables 1 to 8. Table 1 indicated that all the 12 items were mechanisms in technology transfer while the corresponding hypothesis in Table 2 , revealed a significant difference in the mean ratings of the two groups of respondents (officers and extension agents). Table 3 indicated that all the nine items were the channels of linkages for technology transfer and the tested hypothesis in Table 4 showed a significant difference. With reference to constraints to technology transfer, the three groups of the respondents agreed that 35 of the items in Table 5 were constraints that hinder linkages in technology transfer for sustainable agricultural development. The corresponding hypothesis in Table 6 indicated that no significant difference exists among the three groups of respondents on the constraints to the linkages. The three groups of respondents agreed that the 13 items in Table 7 were strategies for enhancing technology transfer linkages for sustainable agricultural development. The corresponding hypothesis in Table 8 indicated that there was a significant difference in the mean ratings of the three groups of respondents on the strategies for enhancing linkages in technology transfer for sustainable agricultural development in South East Nigeria.
DISCUSSION
The findings of the study revealed that 12 mechanisms for technology transfer linkages were to combine research and extension functions into one unit, fieldwork by subject-matter specialists in extension, create inter agencies committee, farmers' participation in research and extension activities, establish job descriptions to strengthen agencies' relationships and redefine roles and responsibilities between research and extension units. The study also revealed that constraints such as limited ICT resources for effective linkages, insufficient flow of Uzuegbulam (2001) that there is poor technology transfer, linkages and collaboration altitudes among agencies involved in agricultural development. The findings of the study were further in conformity with the findings of Dimelu and Emodi (2012) that the system is characterized by a top-down, centralized, linear, and isolated structure with weak linkages as result The respondents indicated that they carry our mechanisms identified by the study independently thus the significant difference in their opinions. The finding of the study was against the University of Montana's report (2011) that many individuals and organizations participate in the technology transfer strategic planning process, both in private conversation and structured discussion sessions. The findings of this study was also in disagreement with the findings of Laamanem (1995) that the innovations' focus on shifting towards networking which is component dependent.
RECOMMENDATIONS
Based on the findings of the study, it was recommended that the agencies should have uniform objectives and form committees and monitoring teams for proper linkages for the achievement of set objectives. Government should improve elements of technology areas in which the agencies are found weak, by utilizing the strategies identified by this study. Furthermore, there should be policies that could bring effective technology transfer linkages among the agencies for sustainable agricultural development.
Conclusion
It is the wish of each agency to perform needed activities or functions to enhance agricultural development in the study area but the problem is that these agencies are working independently. Despite the need for successful transfer of technology which can only be achieved by generating innovations and subsequent transfer to the end users; the agencies work in isolation. Technology transfer is an end in itself but a means to increase the rate of technological innovation and stimulate innovation transfer. Thus, today's recipients can be tomorrow's donors through a successful transfer of technology. To be a donor of technology, the recipients need to possess the capacity to assimilate, adapt, and modify the imported technology through education and training. It is necessary that research institutes, educational institutions and extension departments collaborate effectively for effective technology transfer to the end users for agricultural development in the study area.
